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The extent of growth suppression and recovery follow-
ing exposure to 4,5',8-trimethylpsoralen (TMP) plus UV-
A irradiation was studied in 3 diploid human fibroblast 
strains. Inhibition of cellular proliferation was dose-de-
pendent within the concentration range ofTMP that was 
tested (1-4 x 10-7 M), u sing a constant level of UV-A 
(0.24 Jjcm2 ). The population generation (doubling) times 
for all cell strains were progressively lengthened under 
these conditions while maximal cell densities were re-
duced. At 2-4 x 10-7 M TMP in the presence of UV -A, 
there was a triphasic pattern of growth which consisted 
of (1) proliferative activity during the first 24-36 hr, 
followed by; (2) complete growth inhibition for variable 
periods of time and; (3) a recovery period of log phase 
proliferation that was not as vigorous as measured for 
untreated cells. There were also declines in the percent-
age of cells labeled with 3H-Tdr at various times after 
TMP-UV-A treatment. These measurements were essen-
tially identical for the three fibroblast strains evaluated. 
In that the cells employed for these investigations were 
derived from embryonic pulmonary t issue, neonatal 
foreskin and the buttock skin of an adult male, it seems 
unlikely that donor age and tissue source were impor-
tant variables in determining growth response patterns 
after TMP-UV-A exposure. Because proliferative recov-
ery was attenuated after this photochemical injury, we 
conclude that the biologic effect(s) ofTMP-UV-A extend 
beyond the known period of psoralen-DNA cross-link 
removal. 
It is generally accepted that many of the natw-ally occuring 
and synthetic furocoumarin derivatives in combination with 
long-wave ultraviolet light (UV-A) interfere with DNA synthe-
sis [1-3]. The phototoxic properties of these compounds include 
the inhibition of DNA replication [4-6], cytotoxicity [7-9], 
mutagenicity [~O- 12] , chromosomal aberrations [13-15] and 
increased cutaneous pigmentation [16,17]' One of the furocou -
marins, 4,5',8-trimethylpsoralen has unique medical applica-
tions in the therapy of vitiligo [18], while another, 8-methox-
ypsoralen, has been used to treat psoriasis [19], mycosis fun-
goides [20] and other skin disorders [21]. 
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In the presence of UV-A (i.e., 366 nm light), furocoumarins 
of the psoralen type form monoadducts, as c'1-cycloaddition 
products, with the pyrimidine bases of DNA [1,22]. Many of 
these compounds also form bifunctional psoralen-DNA inter-
strand cross-links [23,24]. The biological consequences of ex-
posure to the psoralens and UV-A have been attributed pre-
dominantly to the degree of cross-link production [25,26]. By 
contrast, the importance of monoadduct production has been 
less fully explored. The relative phototoxicity of certain angular 
and linear furocoumarins, which produce only monoadducts, is 
clearly less than that of the cross-linking psoralen compounds 
[27,28]. The selective induction of psoralen monoadducts has 
been associated with reduced survival and mutagenicity in 
yeast. Mitochondrial [29] and plasma membrane [30] altera-
tions, respectively, have been reported to result from psoralen 
and UV -A exposure but the significance of these findings awaits 
further investigation. 
The observations that bacteria and diploid cells can remove 
psoralen-DNA cross-links [26,31] recently led us to examine the 
effects of 4,5',8-trimethylpsoralen (TMP) plus UV-A upon cel-
lular proliferatio n [32]. In the present report, we examine the 
sublethal dose-response range for TMP-UV -A exposw-e, in 
order to determine the extent of growth suppression and recov-
ery in several diploid human fibroblast strains. We conclude 
that the effects of TMP- UV -A upon cellular proliferation ex-
tend beyond the known period for cross-link removal. 
MATERIALS AND METHODS 
Dulbecco's Modified Eagles Medium (DMEM) and trypsin (.05% 
w/v)-EDTA (.02% w/v) were purchased from Grand Island Biological 
Company. Fetal calf serum (FCS) (lot No. 92350) was obtained from 
Microbiological Associates. P lastic Petri dishes, 60 mm and plastic 
culture flasks, 25 cm2 and 75 cm2 were purchased fi'om Corning Glass 
Works. 4,5 ',8-t rimethylpsoralen (m.w. 228.24), purchased from Aldrich 
Chemical Company, was twice recrystallized by adding an excess of 
wa ter to a saturated solu t ion of' psoralen-methanol. "H-thymidine ("H-
Tdr, specific activity 2 Ci/ mM) was obtained from New England 
Nu clear. Nuclear track emulsion (NTB-2) was purchased from Kodak. 
Cell Culture 
All studies were performed with diploid human cell strains. Some of 
these stra ins were established in ou r laboratory using a primary culti-
vation technique developed in collabora tion with David Buck of the 
University of Pennsylvania. After informed consent was obtained, a 
cylindrical. 3 mm in diameter, punch biopsy specimen was removed 
from normal skin (upper, outer quadrant of buttocks ) of a 50-yr-old 
male with psoriasis (43 RW). Biopsy material was kept [or no more 
than 24 hI' at 4°C in DMEM, supplemented with FCS (10% v/v), 
gentamycin (50 fLg / ml) , fungizone (2.5 fLg / ml) and Hepes buffer (40 
mM) . Subsequent manipulations were carried out using sterile proce-
dures. The epidermis was cleanly sliced from the specimen and the 
remaining dermal t issue was divided into 8 equaUy sized explants. 
Individual explants were fixed to t he surface of a 60 mm plas tic Petri 
dish in heterologous human plasma. Five ml of complete medium plus 
antibiotics was added and a ll subsequen t cell cul tivation took place at 
37°C in a humidified atmosphere with 5% CO2:95% air . After one week 
undisturbed, the medium was changed twice weekly. In 3 to 4 week 
cellular outgrowth was observed around the majority of explants in the 
dish, the monolayer was washed with calcium-and magnesium-free 
phosphate-buffered saline (pH 7.4) and lifted from the surface of the 
petri dish using t rypsin-EDTA solut ion. The dispersed fibroblast-like 
cells were counted and transferred to a 75 em> tissue cul ture flask 
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containing 40 ml of complete medium without antibiotics. Flask cul-
tures, including all those employed for experimenta l procedures, were 
grown in antibiotic-free medium. 
The first transfer (passage) of cells to a 75 cm" fl ask was ~ll'b i trarily 
designated as population doubling level (PDL) number 1. Longitudinal 
cellular aging was determined at regular weekly ubcul ture intervals by 
counting the number of cells in the parent fl ask, t hen seeding in to each 
da ughter flask at a fixed density of 10" cells/em" growth surface. The 
number of doublings per week was computed by taking the log2 number 
cells at confluence/number cells seeded; this was added to the previous 
PDL. Between subcult iva tions medium was not changed. 
In addit ion to the cell strain established from the norma l skin of a n 
adult male with psoriasis, a stra in derived from newborn foreskin (49 
CCL) was utilized. Also employed fo r these studies, a cloned strain of 
embryonic pulmonary fibroblasts, WI-38/ 8w8b, was a gift from Dr. 
Vincent Cristofalo of the Wistar Institute. These ce lls were preserved 
in our laboratory (using liquid nitrogen) at the midpoint of their cul tura l 
lifespan. All stra ins tested negatively for mycoplasma contamination 
prior to the start of these experiments as monitored by direct auLora-
diographic exam ination and an immunoflu orescent technique [32]. 
Cell Growth 
Five to 7 days prior to the star t of a series of experiments, one via l 
of frozen cells was reconstituted for each strain, grown to confluence in 
a 75 cm 2 tissue cul ture flask and subcultivated into four daughter flasks. 
S ixty-six to 72 hI' after this subcul tivation, the cells growing in daughter 
fl asks received either no treatment (control) ; UV -A a lone using a total 
dose of 0.24 joules (J)/cm"; t rimethylpsora len (TMP) a lone for 30 min 
at concentrations of 1-4 x 10- 7 M (added to 40 ml complete med ia in 
which cells were growing); or TMP (1-4 X 10- 7 M) for 30 min foll owed 
by UV-A irradiation (0.24 J/cm' ). Immediately thereafter, each of the 
t reatment flasks was subcult ivated a nd seeded at a density of 0.5 X 10" 
cells/cm2 (growth surface) into 9 replicate 25 cm2 fl asks. Cell counts 
were obtained at the time of seeding to determ ine actua l starting 
density and individua l flasks were har vested and coun ted at specified 
intervals during the ensuing 2 weeks. Medium was not changed during 
t his t ime. 
A model ZBI Coul ter counter was employed for coun ting cells. A 
curve of cellular growth was derived by plotting the number of cells 
coun ted at each hal'vest by the t ime in culture. These growth curves 
were used to determine the population generation t ime (doubling time) 
during the maximal period of log phase prolifera tion. Growth curves 
were also used for comparison of the cell density in various t reatment 
groups after 7 and 14 days in culture, a nd data were expressed as a 
percent of t he cell numbers in control groups. 
UV-A irradiation 
A Spectronics model XX-15, housing two 18" long-wave ultraviolet 
lamps was p laced 12" above the plane of ce llular material to be 
irradiated. The incident light emitted was predominantly 366 nm; the 
intensity was 780 uw/cm' as measured in air, 3" a bove the irradiance 
surface, using a Blak-ray ultraviolet meter, model J -221 (Ultraviolet 
Products, Inc.). The incident energy wh ich we measure and report in 
a ir is reduced by 53.5% as a resul t of light a bsorpt ion and scatter while 
passing through the plastic flask and 40 ml of DMEM-FCS, 10% in 
which the cells ru'e growing. 
Autoradiography 
The percent of replicating cells in the cont rol and lreated cu ltures 
was determined by autoradiograph ic techniques. S imu ltaneously, with 
the seeding of 25 cmt flasks for growth analyses, 3 replicate cul tures 
were established in 60-mm plastic Petri dishes, each conta ining a cover 
slip pretreated for tissue culture. Afte r 24 , 48 and 72 hr of growth, "H-
Tdr (specific activity 2 Ci/mM) was added to one dish from each 
treatment group to a final concentration of O.l Ci/ml. Following a 
la beling period of 30 hI', the cells growing on glass coverslips were 
washed with phosphate buffered saline, fixed for 30 seconds in absolu te 
methanol, air dried and mounted on standard 1 X 3 inch glass slides. 
The coverslips were processed by dipping into nuclear t rack emu lsion 
(NTB-2), exposed for 4 days, developed (Kodak D-19 developer, 5 min), 
fixed (Kodak Rapid Fix, 5 min) and stained with Geimsa. The percen.t 
of the total cell popu lation with 'labeled nuclei was determined micro-
scopically by scoring the nuclei with more silver grains tha n back-
ground. At least 400 cells were counted in random fields on each 
coverslip for a single determination. 
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RESULTS 
It was cleal" from our fil"st series of experiments that quanti-
tative parameters of growth were essentially identical for un-
treated cells and those receiving UV-A alone (1 J / cm2 ) and 
TMP alone (4 X 10- 7 M) under the most extreme condi tions 
tested. In subsequent experiments, photo effects on cellular 
growth at each of 3 concentrations for TMP plus a constant 
level of UV-A irradiat ion were compared to the growth of 
untreated cells. A single experiment using all 3 cell strains 
typically generated 12 growth cmves, each consisting of 9 timed 
points, and 36 autoradiograms, j'epresenting cells labeled for 30-
hr periods (initiated at 24, 48 and 72 hI' ) in each treatment 
group . Similar findings were obtained on 3 to 6 separate occa-
sions which enabled us to pool data dming the analyses. 
There was a progressive decline in the growth of all 3 cell 
strains as the concentration of psoralen was increased in the 
TMP-UV-A treatm ent groups (Fig 1). However, the fraction of 
attached cells recovered at 4-6 hI' was similar for both control 
and TMP-UV -A t reated cells. All groups displayed some pro-
liferative activity dming the first 24-36 hI' of growth, followed 
by varying degrees of growth retardation, With the higher 
concentrations of psoralen there was complete cessation of 
growth, which persisted for as long as 120 ill' at 4 X 10- 7 M 
TMP, before the cells in treated flasks appeared to shift into a 
logarithmic mode of proliferation. 
Two weeks after treatment, none of the cells receiving TMP-
UV-A had attained the population densities of respective con-
trol groups. These differences were appreciated readily as early 
as 72 hr following treatment (Fig 2). The untreated cultmes 
showed slender, elongated cells with numerous mitoses. After 
4 X 10- 7 M TMP in the presence of UV -A, t here were no mitotic 
figures and these cells were obviously more sparse in number. 
The morphology of treated cultm es was not grossly distorted 
although many of the cells appeared larger than cont rols and 
showed marked ruffling of cytoplasmic borders. Quantitatively, 
the relatIve cell density after 7 and 14 days growth (expressed 
as a percentage of cell numbers in control cultures) showed 
dramatic declines with increasing concentrations of TMP 
(Tab le). The foreskin-derived fibroblasts (49 CCL) were repre-
sentative, wherein cul tures after 7 days of growth, receiving 1 
X 10- 7 M TMP, contained approximately half the number of 
cells found in control cultmes; cul tures t reated with 2 X 10- 7 
M TMP had only 16.2% of the cells coun ted in control cultures' 
and, at 4 X 10- 7 M TMP, the number of cells in treated culture~ 
was reduced to 7.3% of control cul tures. After 14 days growth, 
all TMP-UV -A treatment groups displayed relative increases 
in cell density compar ed to values at 7 days but in no instance 
did treated cultures return to control levels dming the two week 
period of observation. 
FIG 1. Patterns of cellular proliferation fo llowing exposure to 4,5',8-
t rimethylposoralen in the presence of UV-A. Growth curves ru'e shown 
for fibroblast stra ins derived from neonata l foreskin (49 CCL), the 
buttock skll1 of a n adult male (43 R W) and embryonic pulmonary 
t issue ( WI 38). Cells were treated during log phase of growth (see text) 
by incubating for 30 min in the dark with complete medium (0 ) or 
TMP in complete medium at concentrations of 1 X 10- 7 M (e), 2 x 10- 7 
M (_), and 4 X 10- 7 M (A) followed by UV-A 0.24 J / cm2. Each point on 
the curves represents the mean of 3-6 experiments and brackets indi-
cate the standru'd error of the means (SEM). 
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FtG 2. Normal human fibroblasts 72 hr after subcultivation . Just 
prior to subcultivation, ~eUs in panel A received no treatment (phase 
contrast microscopy, reduced from x 470). Cells in panel B were 
exposed to 4 X 10- 7 M TMP and 0.24 J/cm~ (phase contrast. microscopy, 
reduced from x 940). 
The effect of TMP· UV-A exposure on cell density after 7 and 14 days 
growth 
Conce l1trulion Relative cell de l1rity 
Cell strail) of 1' MP (x 10- 7 (% of control ) , 
M)" 7 Days 14 Days 
Foreskin-'derived 1 52.6 ± 0.6 71.0 ± 3.0 
(49CCL) 2 . 16.2 ± 4.6 32.0 ± 6.9 
4 7.3 ± 1.7 16.0 ± 5.1 
Adult-derived (43HW) 1 65.5 ± 3.1 72.7 ± 2.1 
2 37.3 ± 6.7 65.0 ± 6.0 
4 9.0 ± 0.5 29.2 ± 13.1 
Embryonic pulmonary 1 48.fj ± 4.4 58.5 ± 2.1 
(WI-3S) 2 18.6 ± 1.9 34.4 ± 7.4 
4 10.9 ± 1.6 16.9 ± 1.7 
" A constant dose of UV-A, 0.24 J/cm'l , was used for all treatments. 
bMean ± SEM. 
Data derived from curves of cellular growth also included the 
population generation or doubling times during the interval of 
maximallogm-ithmic pl'Oliferation. Compared to untreated cul-
tures, there was a consistent prolongation of the generation 
times with increasing concentrations of TMP as observed with 
all strains (Fig 3). However, considerable variation in the gen-
eration times was encountered within each strain at the higher 
concentrations of TMP during replicate experiments. 
Another reflection of suppressed proliferative capacity after 
TMP-UV -A treatment was demonstrated by labeling experi-
ments (Fig 4) . The percentage of labeled nuclei was sharply 
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FIG 3. Effect of 4,5',8-trimethylpsoralen concentration in th e pres-
ence of UV-A on the generation (doubling) times of normal huma n 
fibroblasts. Treatment conditions are described in the legend for Fig 1. 
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FIG 4. "H-Tdr labeling of normal human fibroblast.s al'ter exposw-e 
to 4,5',8-trimethylpsoralen plus UV -A. Treatment conditiolls are de-
scribed in t he legend for Fig 1. Following the treatment, cells derived 
from neonatal foreskin (49 eeL) (0), the buttock skin of an adult male 
(43 RW) ([,) and embryonic pu lmonary tissue (WI·38) (0 ) were grown 
on 22 X 22 mm glass coverslip5 inside 60-mm Petri dishes containing 
DMEM and FeS, 10%. These cultures were incubated for periods of 
24-54 hI'. (A) , 48-78 hI' (B) , or 72-102 hI' (C) with "H·Tdr; washed in 
phos phate buffered saline, fixed in absolute me thano l for 30 seconds 
and processed for autoradiography as described in the text. 
reduced in aU 3 cell strains as the concentration of the TMP 
was increased. However, the peak inhibition of cellular repli-
cation after photochemical treatment was delayed for at least 
48 hr; reaching maximal suppression in all groups during the 
labeling period from 72-102 hr. The interval from 24-54 hr in 
control cultul'es produced 82-96% labeling (Fig SA); this de-
clined to 70-76% between 72-102 hr (FiguJ'e 5B). By contrast, 
during the latter interval, treatment with 1 x 10- 7 M TMP 
resulted in 53-64% labeling and, at 4 X 10- 7 M TMP there were 
less than 10% labeled ceUs in all strains (Fig 5C) . 
DISCUSSION 
By employing a model for the study of cellular prolifel'ation, 
we have observed similar effects among 3 different fibroblast 
strains exposed to increasing concentrations of 4,5',B-trime-
thylpsoralen (TMP) and a constant dose of UV -A irradiation. 
With our TMP-UV-A schedule, cellular growth was inhibited 
over a very narrow range of TMP concentrations (1-4 x 10- 7 
M) before lethal conditions were encountered. Because the cells 
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FIG 5. Autoradiograms of normal human fibroblasts labeled with 
"H-Tdr. Untreated cells were subcultivated and labeled 24-104 hr after 
sub cultivation (A) (reduced from x 470) and 72-102 h]" after subculti-
vation (B) (reduced from x 470). Cells exposed to 4 X 10- 7 M TMP 
plus UV-A were subcultivated and labeled 72-102 hr after subcu ltiva-
tion (C) (reduced from X 940) . 
were derived from embryonic pulmonary tissue (WI-38) , fore-
skin (49CCL) and adult (43RW) skin sources, respectively, it 
seems unlikely that donor age and tissue origin were important 
variables in determining patterns of response and recovery after 
TMP-UV-A treatment. These findings are consistent with the 
prevailing evidence that sublethaldoses of psoralen compounds 
in the presence of UV -A interfere with DNA synthesis as a 
general biological phenomenon in vivo [6,34,35] and in vitro 
using viral [23], prokaryotic [7,10,12], and eukaryotic systems 
[ 5,25,32,36)' 
After 4-6 hr of growth, the number of TMP-UV-A treated 
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cells was similar in all instances to the number of cells found in 
control groups (Fig 1), suggesting that the effect of treatment 
was not due to alterations in the cell membranes which might 
interfere with cellular attachment. In one study it was shown 
that membrane induced alterations occurred at the ultrastruc-
turallevel using cultivated human glial cells exposed to concen-
trations of 8-methoxypsoralen (8-MOP) which exceeded 10- 4 
M and UV-A in the range of 5 to 15 J / cm2 [30]. While 8-MOP 
may be somewhat less toxic compared to equimolar concentra-
tions ofTMP, these treatment conditions seem harsh. We have 
found that 8-MOP inhibits cellular proliferation, using our 
model, in the range of 2 X 10- 7 M plus 2 J/cm2 UV-A (unpub-
lished observations). Pohl and Clu-istophers [36] used 8-MOP 
and UV -A in the same dose range (i.e., approximately 10- 7 M 
and 1 J /cm 2 UV-A) and they did not find any loss of cellular 
attachment in guinea pig fibroblasts at a t ime when DNA 
synthesis was reduced by 50%. 
Using 2-4 X 10- 7 M TMP in the presence of UV-A, the 
configuration of the growth curves repeatedly showed a tri-
phasic pattern which consisted of [1] proliferative activity dur-
ing the first 24-36 hr, followed by; (2) complete growth inhibi-
tion for variable periods of time, dependent upon the concen-
tration of psoralen in the TMP-UV -A regimen and; (3) a recov-
ery period of log phase proliferation that was never as vigorous 
as measured for the untreated cells. 
It was of considerable interest that TMP-UV-A treated cells 
at the higher psoralen concentrations displayed some degree of 
proliferative activity before growth inhibition was observed. 
This finding implies that a proportion of the cell pool remains 
capable of limited division for a short period of time prior to 
expression of the TMP-UV-A injury which is then manifested 
by suppression of cellular replication. Other investigators have 
described variations in cellular responsiveness after psoralen 
and UV-A exposures which appeared to be correlated with the 
cell cycle phase at the time of exposure. Ben-Hur and Elkind 
[5] studied survival in Chinese hamster cells treated with TMP-
UV-A. By using hydroxyurea synchronized cells, they found a 
significant increase in the fraction of survivors that were ex-
posed to TMP-UV-A during the latter part of S phase. More 
recently, Pohl and Chl"istophers [36] reported that guinea pig 
fibroblasts seemed more resistant to 8-MOP and UV -A if treat-
m ent was administered during log phase growth. Conversely, 
they found that stationary phase cul tures (at confluence) were 
more sensitive to the effects of this photochemical regimen 
using tritiated thymidine incorporation as a measure of cell 
proliferation. 
We have described elsewhere that TMP plus UV-A selec-
tively induced a specific cell cycle block during the G2 period 
in both a murine melanoma cell line and a strain of normal 
diploid human fibroblasts [37]. For all of these experiments we 
have exposed log phase cultures to TMP-UV-A treatment. The 
early proliferative activity we observed after higher concentra -
tions of TMP could have resulted from division among cells 
which were in late S or G2 phase at the time of exposure and 
had effectively completed DNA synthesis. Under t hese circum-
stances, psoralen-DNA photoadducts might not interfere with 
cell division until DNA replication was subsequently requi.red. 
Alternatvely, the early proliferative response may derive from 
a small fraction of the cell pool which sustained little or no 
cross-link formation. As the parameters of exposure fall below 
a critical threshold, the cells presumably remove these pho-
toadducts to some extent which results only in a pru·tial sup-
pression of proliferative activity. Above this threshold, growth 
is completely inhibited but similru' "repair" mechanisms apperu' 
to be operative, which accounts for the return to a logruoithmic 
(growth) recovery phase even following higher doses of TMP 
and UV -A. On the other hand, if a small fl'action of cells was 
not injured during PUVA exposure, a recovery phase might be 
simulated after several days growth (see below). 
Other indices of growth suppression following TMP -UV -A 
treatment were declining cell densities (Table) , prolongation of 
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doubling times (Fig 3), and reduction in the fraction of labeled 
cells (Fig 4) with increasing concentrations ofTMP. The finding 
that none of the TMP-UV -A treatment gl"OUpS return to control 
cell densities after 2 weeks in cul ture provokes questions relat-
ing to the types of cellular injury induced. For example, while 
it is accepted that psoralen plus UV-A causes the formation of 
interstrand DNA cross-links [3,23], Caxtex et al [31] have pro-
vided indirect evidence that these cross-links are completely 
excised by human fibroblasts, presumably by excision repair 
mechanisms. T hey found that the fast sedimenting DNA which 
appeared after TMP-UV-A treatment consistently returned to 
a normal sedimentation proftle within 24 hI". It has not been 
documented heretofore that mammalian cells can regain normal 
proliferative activity following psoralen and UV light exposure. 
In one investigation, gu inea pig fi broblasts failed to grow foll ow-
ing 8-MOP and UV-A treatment [36]. It seems likely however, 
that the 8-MOP and UV A conditions were too extreme to 
permit recovery. As indicated previously, we observed prolif-
erative recovery after T MP within a very narrow concentration 
range. 
We have demonstrated that under appropriate conditions 
diploid human fibroblasts exhibi t a prolifera tive recovery phase 
after exposure to T MP -UV-A. Assuming that, psoralen-DNA 
cross-links are excised, for the most par t within 24 hr, our 
observations of complete growth inhibition for periods up to 5 
days and the sluggish or attenuated growth during recovery 
suggest that current models to explain psoralen plus UV light 
toxicity may be incomplete. Additional primary or secondary 
mechanisms of injury might include: (1) The production of 
abnormal (defective) DNA base sequences which result from 
the excision repai.J: process ul timately retarding DNA replica-
tion and cell di vision; (2) The persistence of monofunctional 
psoralen-DNA photoadducts which also may affect replication 
adversely, and; (3) Injury (ies) other than the formation of 
mono- and bifunctional psoralen-DNA photoadducts may be 
biologically significa nt and have yet to be clearly elucidated. As 
an alternative explanation, it is possible that some cells escape 
photochemical injury giv.ing the impression of a recovery pat-
tern while the injun id cell population actually may not be 
capable of prolifera tive activity. We a re cWTently trying to 
extend our observations in order to further define the mecha-
nism (s) of cellular injur:,' induced by psoralen and UV light 
exposure. 
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